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Description 

SYSTEM AND METHOD FOR MR DATA 
ACQUISITION WITH UNIFORM FAT 

SUPPRESSION 

Background of Invention 

[0001] The present invention relates generally to medical imaging 
and, more particularly, to a system and method for ac- 
quiring and reconstructing magnetic resonance (MR) im- 
ages having uniform fat suppression. Data acquisition is 
carried out using partial asymmetric acquisitions for dy- 
namic contrast-enhanced imaging having uniform fat 
suppression. 

[0002] When a substance such as human tissue is subjected to a 
uniform magnetic field (polarizing field B^), the individual 
magnetic moments of the spins in the tissue attempt to 
align with this polarizing field, but precess about it in 
random order at their characteristic Larmor frequency. If 
the substance, or tissue, is subjected to a magnetic field 
(excitation field B ) which is in the x-y plane and which is 



near the Larmor frequency, the net aligned moment, or 
"longitudinal magnetization", M^, may be rotated, or 
"tipped", into the x-y plane to produce a net transverse 
magnetic moment M^. A signal is emitted by the excited 
spins after the excitation signal is terminated and this 
signal may be received and processed to form an image. 
[0003] When utilizing these signals to produce images, magnetic 
field gradients (G , G , and G ) are employed. Typically, 
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the region to be imaged is scanned by a sequence of 
measurement cycles in which these gradients vary accord- 
ing to the particular localization method being used. The 
resulting set of received NMR signals are digitized and 
processed to reconstruct the image using one of many 
well known reconstruction techniques. 
[0004] High spatial resolution contrast-enhanced 3D MR imaging 
techniques have been used clinically for evaluating partic- 
ular regions-of-interest (ROI) or volumes-of-interest (VOI) 
to identify abnormalities and pathologies for clinical diag- 
nosis. As is well known, these abnormalities or patholo- 
gies are commonly found in lesions in the subject. More- 
over, these lesions are commonly found surrounded by 
fatty tissue. For example, liver metastases or breast le- 
sions are often in close proximity to large concentrations 



of fat. To acquire MR data with contrast between tlie le- 
sions and tlie surrounding fatty tissue, a fat saturation 
imaging technique is implemented to suppress the fat 
signal and, ultimately, to enhance the detectability of the 
lesions in the reconstructed image. 

[0005] Typically, chemical shift preparation sequences, com- 
monly referred to as "fat suppression," are applied to an 
imaging space to suppress signals attributable to fat 
within an imaging subject which may otherwise interfere 
with identification of a lesion or other pathology. A num- 
ber of imaging techniques have been developed to en- 
hance contrast between fatty and non-fatty tissues. For 
example, fat saturation pulses have been shown to im- 
prove contrast. However, applying fat saturation pulses 
can extend the scan time and, therefore, unduly lengthen 
imaging processes, such as dynamic contrast enhanced 
imaging studies, as well as decrease patient throughput. 

[0006] As such, techniques such as that illustrated in Fig. 1 have 
been developed to suppress fat while reducing scan times. 
Figure 1 shows a traditional fast spoiled gradient recalled 
echo (FSGRE) sequence/data acquisition utilizing a spec- 
trally selective inversion (SPECIAL) pulse 1 to suppress a 
signal from fat 2. The SPECIAL pulse 1 inverts only the fat 



magnetization (Mz) without affecting the water proton 
magnetization. The inverted fat magnetization 3 then re- 
covers over time, across the axis when the fat magnetiza- 
tion or signal is zero 4, to steady state magnetization or 
full recovery 5. The point where fat magnetization is at 
zero is referred to as the null point for fat suppression 4. 
When the fat magnetization is nulled 4, MR data is ac- 
quired and used to fill k-space 6 in a centric fashion in 
the slice direction until all slice encoding lines 7 are ac- 
quired. Therefore, for every phase encoding view, only 
one SPECIAL pulse 1 is applied followed by excitation 
pulses 8, also called opulses, which encode all Kz lines 7. 
This technique is fast, however, it results in non- 
homogeneous fat suppression, ringing artifacts, and edge 
enhancement due to non-uniform fat suppression and 
excessive fat recovery. That is, the Kz lines 7 acquired at 
or near the null point 4 include little or no data from fat, 
while data acquired at or near the full fat recovery point 5 
include a large influence from unsuppressed fat. There- 
fore, since data acquisition begins with full fat suppres- 
sion and continues until fat magnetization has fully recov- 
ered 5, non-uniform fat suppression is included across 
the Kz lines 7, which results in ringing artifacts and edge 



enhancements in the reconstructed image. 
[0007] Therefore, while the above-described imaging technique 
includes fat suppression and does not unduly extend scan 
times, non-homogeneous fat suppression and ringing 
may be observed within reconstructed images. That is, 
while using a spectrally selective inversion pulse 1 with a 
centric encoding imaging sequence reduces scan times, it 
may also result in non-homogeneous fat saturation and is 
prone to the presence of ringing artifacts in reconstructed 
images. 

[0008] It would, therefore, be desirable to have a system and 

method capable of uniform fat suppression without sacri- 
ficing image quality (IQ). Furthermore, such a system and 
method should be capable of completing an imaging scan 
within clinically acceptable limits for dynamic contrast en- 
hanced studies. 
Brief Description of Invention 

[0009] The present invention provides a system and method of 
MR imaging that overcomes the aforementioned draw- 
backs. The present invention includes reconstruction of 
MR images with uniform or homogeneous fat suppression. 
An imaging process is performed using partial asymmetric 
acquisitions in conjunction with zero-filling of k-space for 



dynamic contrast-enhanced imaging witli uniform fat 
suppression. In tliis regard, data acquisition is carried out 
in a relatively short period of time which reduces scan 
time, reduces the lil<elihood of subject discomfort and 
motion-induced artifacts, and increases patient through- 
put. Further, the present invention yields reconstructed 
images having fewer artifacts and can be applied for mul- 
tiple types of pulse sequences/data acquisition using fat 
suppression, such as a 3D fast Gradient Recalled Echo, 
spoiled GRASS, Fast Imaging Employing Steady State Ac- 
quisition (FIESTA), Time-of-Flight MR Angiography 
(TOF-MRA), Fast Spin Echo (FSE), Spin Echo (SE), Echo Pla- 
nar Imaging (EPI), stack spiral, and the like. 

[0010] In accordance with one aspect of the invention, a method 
of medical imaging is disclosed that includes the steps of 
zero-filling at least a first portion of k-space and applying 
a fat suppression pulse to suppress signals from fat in an 
ROI. The method includes the steps of acquiring MR data 
from the ROI prior to full fat recovery and filling at least a 
second portion of k-space from the MR data. 

[001 1] In accordance with an alternate aspect of the invention, an 
MRI apparatus is disclosed that includes a magnetic reso- 
nance imaging (MRI) system having a plurality of gradient 



coils positioned about a bore of a magnet to impress a 
polarizing magnetic field. The MR! apparatus also includes 
an RF transceiver system and an RF switch controlled by a 
pulse module to transmit RF signals to an RF coil assem- 
bly to acquire MR images. Additionally, the MR! apparatus 
includes a computer programmed to define an ROI to be 
sampled for MR data acquisition, select a slice direction, 
and zero-fill at least a portion of k-space in the slice di- 
rection. The computer is also caused to apply a fat sup- 
pression pulse to suppress signals from fat in the ROI, ac- 
quire MR data from the ROI prior to full fat recovery, and 
repeatedly apply the fat suppression pulse, and acquire 
MR data to fill a remainder of k-space with less- 
than-full-fat-recovery. 
[0012] In accordance with another aspect of the invention, a 

computer readable storage medium is disclosed that in- 
cludes a computer program stored thereon and having in- 
structions which, when executed by a computer, cause the 
computer to define a slice direction and zero-fill less than 
an entirety of k-space in the slice direction. The computer 
is also caused to apply a fat suppression pulse to sup- 
press fat signals within an ROI, acquire MR data from the 
ROI prior to full recovery of magnetization of fat within 



the ROI, and repeat application of tlie fat suppression 
pulse and data acquisition to fill a remainder of the en- 
tirety of k-space with less-than-full-fat-recovery MR 
data. 

[0013] In accordance with yet another aspect of the invention, an 
MR apparatus is disclosed that includes means for excit- 
ing nuclei to precess at a given Lamour frequency when 
subjected to a substantially uniform magnetic field and 
means for fastly acquiring 3D MR data with uniform fat 
suppression during breathhold moments. 

[0014] Various other features, objects, and advantages of the 

present invention will be made apparent from the follow- 
ing detailed description and the drawings. 
Brief Description of Drawings 

[0015] The drawings illustrate one preferred embodiment 

presently contemplated for carrying out the invention. 
[0016] In the drawings: 

[0017] Fig. 1 is an illustration of a known MR data acquisition and 
k-space filling scheme for fat suppression. 

[0018] Fig, 2 is a schematic block diagram of a particular MR 
imaging system for use with the present invention. 

[0019] Fig. 3 is a graphical illustration of an imaging technique 



and k-space filling scheme with uniform fat suppression 
for use with the MR imaging system of Fig. 1. 

[0020] Fig. 4 is an illustration of line-by-line k-space sampling 
with uniform fat suppression for use with the MR imaging 
system of Fig. 1 and according to the present invention. 

[0021] Fig. 5 is a liver image reconstructed from MR data ac- 
quired according to a conventional fat suppression tech- 
nique. 

[0022] Fig. 6 is a liver image reconstructed from MR data ac- 
quired according to the technique of Figs. 3 and 4. 
Detailed Description 

[0023] jhe present invention is directed to a system and method 
for acquiring MR data and reconstructing MR images with 
relatively homogeneous fat suppression, high tissue sig- 
nal-to-noise ratio (SNR), and contrast-to-noise ratio 
(CNR). Multiple partial acquisitions are used to acquire MR 
data to fill a remainder of non-zero filled k-space prior to 
full fat recovery. Additionally, the system and method al- 
low acquisition of MR data with decreased imaging dura- 
tions. 

[0024] Referring to Fig. 2, the major components of an imaging 
system 10 incorporating the present invention are shown. 
The invention will be described with reference to a pre- 



ferred magnetic resonance imaging (MR\) system but other 
imaging systems are contemplated. Specifically, it is con- 
templated that the present invention is equally applicable 
to ultrasound imaging, x-ray imaging, computed tomog- 
raphy imaging, electron beam tomography imaging, 
positron emission tomography imaging, single photon 
emission computed tomography imaging, and the like. 
[0025] Referring to Fig. 2, the operation of the system is con- 
trolled from an operator console 12 which includes a key- 
board or other input device 13, a control panel 14, and a 
display screen 16. The console 12 communicates through 
a link 18 with a separate computer system 20 that enables 
an operator to control the production and display of im- 
ages on the display screen 16. The computer system 20 
includes a number of modules which communicate with 
each other through a backplane 20a. These include an im- 
age processor module 22, a CPU module 24 and a mem- 
ory module 26, known in the art as a frame buffer for 
storing image data arrays. The computer system 20 is 
linked to disk storage 28 and tape drive 30 for storage of 
image data and programs, and communicates with a sep- 
arate system control 32 through a high speed serial link 
34. The input device 13 can include a mouse, joystick. 



keyboard, track ball, touch activated screen, light wand, 
voice control, or any similar or equivalent input device, 
and may be used for interactive geometry prescription. 

[0026] The system control 32 includes a set of modules con- 
nected together by a backplane 32a. These include a CPU 
module 36 and a pulse generator module 38 which con- 
nects to the operator console 12 through a serial link 40. 
It is through link 40 that the system control 32 receives 
commands from the operator to indicate the scan se- 
quence that is to be performed. The pulse generator 
module 38 operates the system components to carry out 
the desired scan sequence and produces data which indi- 
cates the timing, strength and shape of the RF pulses pro- 
duced, and the timing and length of the data acquisition 
window. The pulse generator module 38 connects to a set 
of gradient amplifiers 42, to indicate the timing and shape 
of the gradient pulses that are produced during the scan. 
The pulse generator module 38 can also receive patient 
data from a physiological acquisition controller 44 that 
receives signals from a number of different sensors con- 
nected to the patient, such as ECG signals from electrodes 
attached to the patient. 

[0027] The pulse generator module 38 connects to a scan room 



interface circuit 46 wliicli receives signals from various 
sensors associated witli tlie condition of the patient and 
the magnet system. It is also through the scan room in- 
terface circuit 46 that a patient positioning system 48 re- 
ceives commands to move the patient to the desired posi- 
tion for the scan. 
[0028] jhe gradient waveforms produced by the pulse generator 
module 38 are applied to the gradient amplifier system 42 
having G , G , and G amplifiers. Each gradient amplifier 
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excites a corresponding physical gradient coil in a gradi- 
ent coil assembly, generally designated as 50, to produce 
the magnetic field gradients used for spatially encoding 
acquired signals. The gradient coil assembly 50 forms 
part of a magnet assembly 52 which includes a polarizing 
magnet 54 and a whole-body RF coil 56. A transceiver 
module 58 in the system control 32 produces pulses 
which are amplified by an RF amplifier 60 and coupled to 
the RF coil 56 by a transmit/receive switch 62. The result- 
ing signals emitted by the excited nuclei in the patient 
may be sensed by the same RF coil 56 and coupled 
through the transmit/receive switch 62 to a preamplifier 
64. The amplified MR signals are demodulated, filtered, 
and digitized in the receiver section of the transceiver 58. 



The transmit/ receive switch 62 is controlled by a signal 
from the pulse generator module 38 to electrically con- 
nect the RF amplifier 60 to the coil 56 during the transmit 
mode and to connect the preamplifier 64 to the coil 56 
during the receive mode. The transmit/receive switch 62 
can also enable a separate RF coil (for example, a surface 
coil) to be used in either the transmit or receive mode. 
[0029] jhe MR signals picked up by the RF coil 56 are digitized 

by the transceiver module 58 and transferred to a memory 
module 66 in the system control 32. A scan is complete 
when an array of raw k-space data has been acquired in 
the memory module 66. This raw k-space data is rear- 
ranged into separate k-space data arrays for each image 
to be reconstructed, and each of these is input to an array 
processor 68 which operates to Fourier transform the data 
into an array of image data. This image data is conveyed 
through the serial link 34 to the computer system 20 
where it is stored in memory, such as disk storage 28. In 
response to commands received from the operator con- 
sole 12, this image data may be archived in long term 
storage, such as on the tape drive 30, or it may be further 
processed by the image processor 22 and conveyed to the 
operator console 12 and presented on the display 16. 



[0030] Figures 3 and 4 illustrate an MR data acquisition and k- 
space filling scheme for subsequent image reconstruction 
of a region-of-interest (ROI) or volume-of-interest (VOI) 
with homogeneous fat suppression and decreased data 
acquisition times. Figure 3 graphically illustrates an imag- 
ing technique with asymmetric, partial zero-filling 70 of 
k-space 72 in some percentage of slice encoding that fol- 
lows partial Fourier theory. While zerofilling 70 of k-space 
72 is shown as performed in the slice encoding direction 
74, it is contemplated that zero-filling of k-space 72 may 
occur from the periphery 75 of k-space 72 to the center 
76 of k-space 72 to fill a desired percentage of the slice 
encoding lines. For example, zero-filling 70 may be car- 
ried out from the first Kz line 78 toward the center of k- 
space 76, or from the center of k-space 76 to the last Kz 
line 80. This partial zero-filling technique reduces the 
scan time proportionally to the fraction of the zero-filling 
to the total number of Kz lines. 

[0031] After the zero-filling, a SPECIAL inversion pulse 82 with a 
100 degree fat suppression pulse to magnetize fat within 
the ROI or VOI is applied based on the relaxation time of 
fat to its null point 84. Following the application of a SPE- 
CIAL inversion pulse 82, ocexcitation pulses 86 are applied 



to encode only m Kz lines that are arranged sequentially in 
the k-space. That is, less than all Kz lines are filled after 
the SPECIAL pulse. Therefore, in this regard, only m lines 
after the application of inversion pulse 82 are filled so 
that the data acquisition is completed within a certain 
limit of the fat magnetization recovery and thereby avoids 
data acquisition as fat magnetization reaches a fully re- 
covered state 87. Specifically, zero-filling of k-space 72 is 
carried out such that all the non-zero filled phase encod- 
ing steps of k-space 72 are sampled before fat magneti- 
zation passes a threshold point 89. As will be described 
with respect to Fig. 4, these steps are repeated for a num- 
ber of segments until all the non-zero filled Kz lines are 
filled. 

[0032] jhe flip angle of the SPECIAL inversion pulse 82 is auto- 
matically adjusted such that magnetization of fat within 
the ROI or VOI is at or near a null point at the filling of the 
center of k-space 78. In one embodiment of the inven- 
tion, the first Kz lines acquired after the SPECIAL inversion 
pulse (at or near lOOdegrees) are placed very close to the 
center of k-space for the ROI or VOI 78, which provides 
good SNR and CNR. As such, in contrast to known fat sup- 
pression techniques, data is acquired before fat magneti- 



zation reaches its null point 84. 
[0033] Furthermore, it should be noted that the non-zero filled 
portions of k-space 72 can be filled in a reverse sequen- 
tial manner. That is, data may be acquired for the +k pe- 
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riphery 80 of k-space toward the zero-filled section 70 of 
k-space 72 (e.g., acquire data sequentially from rightto- 
left in the illustration of k-space of Fig. 3). Using a reverse 
sequential k-space filling scheme, the SPECIAL inversion 
flip angle may be slightly higher than used with the se- 
quential k-space filling scheme in order to fill the center 
of k-space at or near the null point of fat. Both the se- 
quential and reverse sequential ordering schemes result in 
a smooth k-space trajectory that reduces artifacts that are 
usually found with centric encoding extending through 
excessive fat recovery. 
[0034] It should be noted that without the partial zero-filling 70 
of Fig. 3, the segmented acquisition would result in longer 
scan time due to the multiple SPECIAL inversion pulses. 
However, the use of partial zero-filling 70 in the seg- 
mented fashion results in reduced scan times over con- 
ventional SPECIAL methods in addition to the benefits of 
providing homogeneous fat suppression. Therefore, in 
contrast to conventional partial-zero-filling in the view 



direction, wliicli results in low in-plane spatial resolution 
and artifacts, the present invention includes partial- 
zero-filling 70 in the slice direction. As such, high in- 
plane spatial resolution is maintained with a reduction of 
scan time. 

[0035] Once partial zero-filling, as described with respect to Fig. 
3, is complete, segmented data acquisition is performed. 
Figure 4 illustrates segmented acquisition in the slice di- 
rection using a SPECIAL pulse applied with a 3D FGRE se- 
quence. Specifically, slice-encoding is used to fill the non- 
zero-filled k-space in a segmented fashion. That is, for 
every phase encoding view (Ky=l line to Ky=k line), a first 
SPECIAL pulse 90 is applied followed by a set number of 
apulses 92 to acquire only m Kz lines before applying a 
subsequent SPECIAL pulse 94 and apulses 92. This tech- 
nique is repeated n times (segments), which may be in an 
interleaved manner, until all Kz lines, from the 1^^ to the n ^ 
k-space, are filled. That is, for each Ky line, mXn data 
may be filled. Therefore, the above-described imaging 
technique combines partial zero-filling in the slice direc- 
tion and segmented sequential acquisition with spectrally 
selective inversion recovery pulses. This technique results 
in homogeneous fat suppression as well as reduced ring- 



ing and edge enhancement in reconstructed images. 

[0036] The number of lines per segments (m) and the number of 
segments (n) may be selected and optimized based on 
clinical applications in the body. For example, it is con- 
templated that the above-described technique may be 
specifically tailored for breathhold and non-breathhold 
imaging processes as well as anatomic-specific imaging 
processes of various regions of the body such as liver, 
pelvic, and breast imaging. 

[0037] For example, for breathholding applications, such as liver 
imaging, the maximum number of lines per segment may 
be set to approximately eighteen (m=l8). Additionally, the 
number of segments may vary based on the number of 
slices prescribed. For example, in a liver scan with a pre- 
scription of 48 slices, the number of segments would be 
two (n=2) to suppress signals from fat. Additionally, in the 
context of a breast scan, a maximum of ten lines per seg- 
ment (m=lO) may be used due to the fact that breasts are 
typically composed of mostly fatty tissue. With a breast 
scan with a prescription of 54 slices, the number of seg- 
ments would be four (n=4) to suppress the signal from fat. 

[0038] Figures 5 and 6 show liver images reconstructed from MR 
data acquired according to a conventional fat suppression 



technique and the above-described technique having uni- 
form fat suppression, respectively. As shown in Fig. 5, the 
image reconstructed from MR data acquired using con- 
ventional SPECIAL fat suppression, which includes data 
acquired at full fat recovery, shows non-uniform fat sup- 
pression, ringing, and edge enhancements. However, re- 
ferring to Fig. 6, as illustrated by the uniformly darkened 
fatty areas 100, fat is homogenously suppressed while 
maintaining high image quality (IQ). 

[0039] It is contemplated that the segmented acquisition may be 
optimized based on clinical applications. For example, 
only a few number of segments are needed for liver appli- 
cation because of its breathholding requirement. On the 
other hand, for breast imaging that does not require 
breathholding, the number of segments is played out 
more often than during liver imaging. The number of seg- 
ments may also be played out to suppress the breast tis- 
sue that is mostly composed of fat substances. Image 
quality is high and little or no ringing artifacts or edge en- 
hancements are present within reconstructed images. 

[0040] The above-described technique allows homogeneous fat 
suppression with high tissue SNR and CNR that can be 
achieved with shorter acquisition time than the conven- 



tional techniques utilizing SPECIAL pulses. The technique 
provides high SNR and CNR due to the sequential encod- 
ing scheme that fills the center of k-space at or near the 
null point of fat. Additionally, the present invention 
achieves relatively uniform fat suppression with data ac- 
quisition at high bandwidth and high resolution matrices 
for large volume coverage. Further, the above-described 
technique includes similar benefits as centric encoding 
schemes utilizing SPECIAL but with increased fat suppres- 
sion and reduced scan times. Specifically, the imaging 
technique has a smooth k-space trajectory that starts at 
or near the center of k-space for increased fat saturation 
and reduced artifacts. Moreover, while the present inven- 
tion is particularly well-suited for 3D data acquisition, the 
present invention may also be applicable with 2D acquisi- 
tions. 

[0041] The above-described imaging technique combines partial 
zero-filling in the slice direction and segmented sequen- 
tial acquisition or segmented reverse sequential acquisi- 
tion with spectrally selective inversion recovery pulses. 
The technique is robust and can be applied with fast gra- 
dient echo sequences where data is acquired with high 
bandwidth, high spatial resolution for large volume cover- 



age. It is contemplated that the present invention may be 
utilized with a wide variety of imaging processes. For ex- 
ample, it is contemplated that the technique may be uti- 
lized with gradient echo (GRE), SE, FSE, GRE, FGRE, EPI, 
SPCR, FIESTA, TOF-MRA, contrast-enhanced MRA with flu- 
oroscopic triggering, stack spiral readout, and the like. 

[0042] Furthermore, the technique provides uniform fat suppres- 
sion within a single breathhold period or free breathing. 
Additionally, the technique is applicable for most body 
applications including liver imaging, breast acquisition, 
contrast-enhanced angiography with fluoroscopic trigger- 
ing, or multi station imaging. The technique reduces or 
eliminates ringing and edge enhancement caused by ex- 
cessive fat recovery. 

[0043] Therefore, the present invention includes a method of 

medical imaging that includes the steps of zero-filling at 
least a first portion of k-space and applying a fat sup- 
pression pulse to suppress signals from fat in an ROI. The 
method includes the steps of acquiring MR data from the 
ROI prior to full fat recovery and filling at least a second 
portion of k-space from the MR data. 

[0044] In an alternate embodiment of the invention, an MRI ap- 
paratus includes a magnetic resonance imaging (MRI) sys- 



tern having a plurality of gradient coils positioned about a 
bore of a magnet to impress a polarizing magnetic field. 
The MRI apparatus also includes an RF transceiver system 
and an RF switch controlled by a pulse module to transmit 
RF signals to an RF coil assembly to acquire MR images. 
Additionally, the MRI apparatus includes a computer pro- 
grammed to define an ROI to be sampled for MR data ac- 
quisition, select a slice direction, and zero-fill at least a 
portion of k-space in the slice direction. The computer is 
also caused to apply a fat suppression pulse to suppress 
signals from fat in the ROI, acquire MR data from the ROI 
prior to full fat recovery, and repeatedly apply the fat sup- 
pression pulse, and acquire MR data to fill a remainder of 
k-space with less-than-full-fat-recovery. 
[0045] The present invention may also be embodied in a com- 
puter readable storage medium that includes a computer 
program stored thereon and instructions which, when ex- 
ecuted by a computer, cause the computer to define a 
slice direction and zero-fill less than an entirety of k- 
space in the slice direction. The computer is also caused 
to apply a fat suppression pulse to suppress fat signals 
within an ROI, acquire MR data from the ROI prior to full 
recovery of magnetization of fat within the ROI, and re- 



peat application of the fat suppression pulse and data ac- 
quisition to fill a remainder of the entirety of k-space with 
less-than-full-fat-recovery MR data. 

[0046] In accordance with yet another embodiment of the inven- 
tion, an MR apparatus is disclosed that includes means for 
exciting nuclei to precess at a given Lamour frequency 
when subjected to a substantially uniform magnetic field 
and means for fastly acquiring 3D MR data with uniform 
fat suppression during breathhold moments. 

[0047] The present invention has been described in terms of the 
preferred embodiment, and it is recognized that equiva- 
lents, alternatives, and modifications, aside from those 
expressly stated, are possible and within the scope of the 
appending claims. 



